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Governance of interactions between infrastructure sectors: the making of 




This paper uses historical analysis to explore the evolution of interdependencies between the 
electricity and information and communication technology (ICT) sectors in the UK. It 
explores the role of governance in shaping the interface between these two sectors, and 
subsequent implications for smart grid innovation. The analysis focuses on three periods 
between 1940 and 2016, with distinct institutional logics: state ownership, privatisation, and 
transitions to sustainability. 
The interactions between the electricity and ICT sectors are analysed through Raven and 
Verbong’s (2007) typology: competition, symbiosis, integration and spill-over, drawing on 
social-technical transitions theories and discussed in terms of rules and institutions; actors 
and networks; and technology, artefacts and infrastructures of socio-technical regimes.  
The paper finds that a way to encourage more spill-overs and integration between the electricity 
and the ICT sector is through a more symmetrical and integrated governance approach that 
takes into account the needs and characteristics of both sectors.  
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A core aspect of socio-technical transitions towards sustainability is expected to be the adoption 
of new technologies, processes and behaviours. The development of low(er) carbon 
infrastructure and the reduction of carbon emissions associated with energy production and 
use, in particular often call for varying degrees and forms of interactions between technologies, 
actors and rules between sectors. Smarter electricity systems, including smarter grids, are a 
case in point, and are often seen as a key component of more sustainable energy systems in the 
UK and beyond (e.g. National Infrastructure Commission 2017).  
This paper explores the development of smarter electricity grids in the UK by exploring 
interactions between the electricity and information and communication technology (ICT) 
sectors. It uses transitions theories to carry out a historical analysis of these interactions in three 
time periods: the period of state-ownership that began after the second world war; the period 
of privatisation and liberalisation in the 1980s and 1990s; and the period since 2000, in which 
the sustainability of electricity and other sectors has received more significant attention. It does 
so primarily using a typology of interactions between different socio-technical regimes 
developed by Raven and Verbong (2007), with an emphasis on how these interactions have 
been governed. 
The paper includes a particular focus on the period from 2010 to 2016, and the electricity 
network demonstration projects funded through the Low Carbon Network Fund (LCNF). The 
paper explores the implications of the historical context for the more recent governance of 
innovation that cuts across these two infrastructure sectors. It also considers the impacts on the 
characteristics of, and barriers to, innovation of smart grid development. The paper concludes 
by exploring the implications for sustainable transitions in the UK. This conclusion also reflects 
on the lesson learned from applying Raven and Verbong’s typology for understanding existing 
and emerging interdependencies between sectors.  
Discussions of smart grid development have been predominantly focused on technical, legal 
and economic dimensions of change (Xenias et al 2014; Abdulhadi et al 2013; Al-Omar et al 
2012; Verbong and Geels 2010; DECC 2009), with limited analysis of governance mechanisms 
and their implications for the interactions between the electricity and ICT sectors. An original 
contribution of the paper is the discussion of the interactions between the electricity and ICT 
sectors in the UK. To our knowledge, historical analysis of these interactions, and the 
implications for network innovation, has not been carried out in a UK context. Bolton and 
Foxon (2015) offer an abridged reflection on the first years of the LCNF, while this paper deals 
with the Fund in more detail and places its governance in a longer term historical context.  
Building on work dedicated to transformations at the sectoral level (see Dolata 2009 for 
discussion of sectoral systems of innovation), Erlinghagen and Markard (2012) examine the 
main catalysts for transformation within sectors. Specifically, how ICT firms can trigger 
transformation (development of smart grids) in the electricity system through their capacity to 
create variety and break up rigidities in existing systems. Therefore, this paper also builds on 
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Erlinghagen and Markard’s (2012) work on the dynamics between incumbents and new 
entrants in smart grid projects at EU level between 2000 and 2011, while extending the analysis 
to the UK until 2015. Bolton and Foxon (2015) call for more “innovation friendly” governance 
of smarter electricity systems, spanning from the early stage development of local networks, 
through to the transformation of incumbent national grids. Although literature examining the 
critical nature of interdependencies between infrastructure sectors is rapidly growing, attention 
to the governance dimension of these interdependencies is still somewhat limited. This paper 
aims to address this gap. 
Section 2 introduced the concepts of smart grid and infrastructure interdependencies. Section 
3 provides a literature review of the transitions concepts used in this paper, mainly socio-
technical regimes, multi regime interactions and paradigmatic systems. Section 4 covers how 
governance is interpreted and applied in the analysis. The methodology of the paper is outlined 
in Section 5. Historic account of sector development and interactions of the electricity and ICT 
sectors in the UK in the three periods between 1940s and 2016 is presented in Section 6, 
followed by a discussion of the governance arrangements and interactions between the two 
sectors in Section 7. Section 8 discusses the implications of historic interactions for innovation 
towards smart grid development in the UK, while Section 9 concludes on the implications of 
governance arrangements and interactions for innovation.  
 
2. Infrastructure interdependencies in socio-technical transitions: smart grids 
Infrastructure interdependencies capture the way different elements within an infrastructure 
system or elements from two or more infrastructure systems influence each other. Infrastructure 
sectors interact with each other all the time and through a variety of interdependencies. For 
example, Rinaldi et. al. 2001 distinguish between physical, cyber, geographic and logical 
interdependencies. They can occur either by design, necessity or evolutionary reasons (Carhart 
and Rosenberg 2014). Interdependencies between infrastructure sectors are responsible for a 
range of growing risks, uncertainties, and opportunities for policy makers, industry and society 
(Hiteva and Watson 2016). Complementary or functional relationships between sectors or 
competing decision-making processes can trigger trade-off effects (Buldyrev et al. 2010). For 
example, a failure in ICT may threaten both the transport and electricity sectors due to their 
increasing reliance on ‘smart’ or ‘intelligent’ technologies. By contrast, structural similarities 
and/or a symbiotic relationship between sectors may create opportunities for sectors to benefit 
from each other (Watson and Rai 2013). The nature and intensity of these interdependencies 
evolves over time, creating pressure for more coordination of governance arrangements 
(Carhart and Rosenberg 2014), and could also change with the introduction of new 
technologies and governance arrangements. However, infrastructure systems can be ‘locked 
in’ to silo-based governance arrangements where the regulatory regime for each sector operates 
independently, and sometimes in competition with each other (Watson and Rai 2013; Hiteva 
and Watson 2016).  
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Interest in using infrastructure interdependencies to enable sustainability transitions, through 
intertwining sustainability practices between different sectors is growing (Tran et al. 2014; 
Bolton and Foxon 2015; Lockwood 2016). Smart grid developments are the focus of policy 
and innovation efforts because of the opportunities they offer as part of the transition to more 
sustainable energy and transport services (National Infrastructure Commission 2017).  
Definitions of smart grids can vary depending on the level of integration between the electricity 
and ICT technologies, however the term most commonly denotes “electricity networks that can 
intelligently integrate the behaviour and actions of all users connected to it – generators, 
consumers and those that do both – in order to efficiently deliver sustainable, economic and 
secure electricity supplies” (European Technology Platform smartgrids 2010). They usually 
involve two-way flows of electricity and information based on arrangements of metering 
systems and sensors. Electricity flows from energy suppliers to customers are measured and 
controlled in order to optimize and adjust energy production and consumption. To achieve this, 
smart grids integrate advanced ICTs, automation, sensing and metering technologies, and 
energy management techniques based on the optimization of energy demand and supply into a 
traditional power grid (Al-Omar et al 2012). Smart grids could form a tightly integrated 
ecosystem of operators and users coupled with enabling functions and information exchange 
infrastructure (Abdulhadi et al. 2013).  
However, in practice, advancements in the development of smart grids can be challenging as 
they often involve the development of new interfaces between sectors and trialling new 
processes and technologies. Furthermore, smart grid development is an evolving process, 
taking place within an increasingly complex landscape due to: infrastructure sector 
liberalisation; a growing range of stakeholder groups involved in negotiating the trade-offs 
between multiple objectives, such as efficiency and innovation; increasing interdependencies 
and complementarities (Raven 2007) between infrastructure sectors; and shared objectives of 
environmental protection (Watson and Rai, 2013). The foundations for these interactions have 
evolved over a long period of time and play a decisive role in shaping the speed, rate and nature 
of smart grid innovation and its governance. The electricity sector is already dependent on ICT 
infrastructure for system (frequency and load) control, in the form of software updates, 
upgrades, hotlines and remote access support through “electronic highways” (Gottwald 2009). 
Electricity is required to run all ICT equipment and smart grids will not be able to function 
without it1 (Engineering the Future 2011). However, the integration of these two sectors will 
need to overcome significant barriers if smart grids are to fulfil the promise they hold for the 
transition towards sustainable energy systems. 
 
3. Cross-sector interactions in socio-technical transitions 
A number of conceptual and theoretical frameworks have previously been used to explain 
socio-technical change within infrastructure sectors, including the Multi-Level Perspective 
                                                          
1 For example, most mobile and fixed network distribution and exchange points have only 
one hour battery backup. 
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(MLP) (Geels 2005, Geels and Schot 2007), Large Technical Systems (LTS) (Hughes 1983, 
Coutard 1999) and Technological Innovation Systems (TIS) (Markard and Truffer 2008; 
Carlsson and Stankiewicz 1991). These have been used to explain transformation through 
different catalysts such as landscape pressures (Geels and Schot 2007), innovation within 
niches (Geels and Raven 2006) or the transformative capacity of technology (Dolata 2009; 
Erlinghagen and Markard 2012). As approaches they capture the non-linear and interrelated 
nature of sectoral transformations, including how changes in one sector may prompt and feed 
on changes in another sector (Erlinghagen and Markard 2012).  
Although infrastructure interdependencies are discussed in this paper in terms of interactions 
across sectors, its approach builds on literature that focuses on interactions across multiple 
regimes. Within this literature, infrastructure sectors are represented as “socio-technical 
regimes” (Geels 2004; 2006), where technical systems are embedded within the wider societal 
context and constitute a “seamless web” of interactions between technical and non-technical 
components (Hughes 1987). A regime encompasses the network of actors and social groups; 
the formal, cognitive, and normative rules that guide the activity of actors; as well as the 
material and technical artefacts and infrastructures (Geels 2006). 
Regimes interact in multiple ways, and although they are often governed in silos, what occurs 
within one infrastructure sector or ‘regime’ can change the scope of that regime, as well as 
affect other, related regimes. Dolata (2009) explains how technology developed elsewhere can 
drive the transformation of existing regimes. For Hughes (1987) system builders can also be 
catalysts for transformation beyond individual sectors. Aminzade (1992) and Hakansson and 
Waluszewski (2002) see the intersection of two regimes as a source of structural change and 
variety leading to new combinations of existing resources and innovation (Erlinghagen and 
Markard 2012). Both Hughes (1987) and Summerton (1994) have focused on processes of 
change within technical systems, while recent research on systems innovation has emphasizes 
the co-evolutionary and interdependent nature of processes which affect socio-technical 
regimes (Geels, 2004).  
Multi regime interactions across more than one infrastructure sector have received some 
limited attention in the literature. Raven (2007) has examined how the waste and electricity 
regimes in the Netherlands have co-evolved, and how they have become more symbiotic and 
integrated due to innovation in biomass technology. In another context, Geels (2007) has 
shown how interactions between two regimes contributed to the rise of a new musical style. 
This paper uses Raven and Verbong’s (2007) typology of interactions that was developed to 
explain the emergence of combined heat and power. They distinguish four types of interactions 
between the gas and electricity regimes in the Netherlands:  
• Competitive: when regimes start fulfilling similar functions. Competition could happen 
when actors from different regimes compete for the same resources (e.g. raw materials, 
finance), access to infrastructures, produce products for similar market or compete for 
institutional arrangements. Competition can lead to substitution (one regime taking over 
from the other) or increasing variety (multiple regimes providing similar functions). 
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• Symbiotic: when regimes start reaping mutual benefits from each other’s existence. In the 
case of symbiosis between two regimes, regimes can even become mutually dependent. 
More generally, symbiosis might result in stronger and more stable ties between regimes 
(e.g. through long-term supply contracts) or generate innovative activities. 
 
• Integrative: when previously separated regimes become one. The most obvious way of 
integration is on the actor level, but most likely this will change organizational routines, 
ways of producing and using, ways of researching etc. Technology can also be a ‘hard’ 
form of integration as is the case of combined heat and power (CHP). So far different 
types of integration are recognised. Integration could be partial and not lead to the 
complete disappearance of multi-regime setting. Disintegration refers to a situation when 
an existing regime splits up. 
 
• Spill over: when regimes transfer experience to each other. This includes less explicit 
forms of spill over, e.g. when actors build upon routines from past activities in a different 
regime and apply them to their activities within the current regime. Spill overs can also be 
more explicit, such as when tariff structures for one regimes are copied to another. This 
type of interaction is often indirect and occurs at the level of cognitive, institutional, 
normative rules. 
Raven and Verbong (2007) find that these types of interaction are not exclusive and can 
occur simultaneously or sequentially. Changes in one regime may obstruct expected changes 
in another regime. Similarly, in a case study of the UK water and electricity sectors, Watson 
and Rai (2013) show how structural similarities and a symbiotic relationship between sectors 
may also create opportunities that allow sectors to benefit from each other. This has 
important implications for policies or strategies designed to enable a more integrated 
approach to infrastructure transitions such as ambitions to develop smarter electricity grids.  
Erlinghagen and Markard (2012) examine more closely the private agents involved in 
interactions between the ICT and electricity sectors in the EU. They consider the transformative 
capacity of technologies and the strategies and resources of actors who own them (Dolata, 
2009). They distinguish three types of actors: incumbents within the focal sector, start-up firms 
and entrants from another sector (which they term ‘adjacents’). Erlinghagen and Markard 
(2012) analyse the influence of actors from outside a focal sector and their interactions with 
incumbent actors, to understand the extent to which they drive or accelerate sectoral 
transformation. Such a focus is particularly relevant if technologies from ‘outside’ play a key 
role in the processes of transformation (Dolata 2009). This could lead to formerly unrelated 
sectors becoming more closely integrated, prompting actors to move across sectoral boundaries 
to exploit existing technological resources (Nicholls-Nixon and Jasinski 1995). The distinction 
between adjacent and incumbent sectors is useful in understanding the nature and direction of 
interactions and innovations between the ICT and electricity sectors.  
However, the nature and means of interactions between different infrastructure systems or 
elements can change from one period to the next. For Kaijser (1999) each historic period is 
defined by a “paradigmatic system” – an infrastructure system on which other similar systems 
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are modelled. This involves transferring some basic characteristics of an institutional 
framework developed for one sector to other similar systems. To some extent the institutional 
frameworks of existing infrastructure systems (i.e. socio-technical systems) are reproduced and 
adapted when new infrastructure systems are introduced. Kaijser (1999) also argues that 
infrastructure systems have both a hard, technical side and a soft, institutional side (including 
the legal and economic frameworks of the system). Therefore, interactions between different 
regimes can involve both their soft and technical sides.  
Transitions from one paradigmatic infrastructure system to another can happen because of 
dramatic technical changes in the former system and the halt in the expansion of the latter. The 
emergence of a specific institutional framework of a new infrastructure system can result from: 
a) the functions and properties of the system; b) the general institutional framework and the 
current overall political context at the time; and c) the legacy from previous (paradigmatic) 
systems. The institutional framework of an infrastructure system is not fixed but changes over 
time, with changes to the three areas outlined above. For example, as systems grow, some 
components or parts can lag behind. Change can also result from far reaching changes in 
technology affecting many infrastructure systems simultaneously. For example, the rapid 
changes in ICT technologies and systems are now having wide-ranging impacts through 
digitalisation of other sectors, including electricity. 
 
4. Governance  
Whilst smart grids involve multiple interactions between the electricity and ICT sectors, they 
have also been shaped by the governance of these two sectors. Governance “looks at the 
interplay between state and society and the extent to which collective projects can be achieved 
through a joint public and private mobilization of resources” (Pierre 2011, p. 5). Governance 
here is used as a dynamic concept focusing on the processes of steering and coordinating (Pierre 
and Peters 2000), rather than in terms of institutions and governing structures (Mayntz 2004). 
Governance captures the idea that government should steer public and private actors into 
achieving societal goals, by using strategic capacities such as the ability to make policy, as well 
as softer means, like networks, voluntary agreements, and partnerships (i.e. instruments of New 
Governance) (Freeman 1999, Salamon 2001). Steering, however, is not limited to government 
and can involve other public actors, like regulators, as well as users. Whatever the steering 
mechanisms or other governance instruments used they are not neutral (Peters 2001). They 
may also have secondary consequences spanning beyond the targets of a given program or 
policy (Hood 2007).  
Governance arrangements and instruments for steering are closely linked to the prevailing 
socio-technical regime. The key regime actors and different governance styles can be oriented 
towards the dominant regime logic, which can include hierarchy, market, network, and 
community (Pierre and Peters 2000). Managerial type governance (emerged from literature on 
reforms of public administration (Kickert 2007)), focuses on output-oriented steering. Its 
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overarching political values are oriented towards choice, competition and efficiency in public 
services, with the objective of market creation (Heinelt 2008). 
The key mechanisms of governance can vary from sector to sector, as they will respond to key 
sector characteristics. Tightly coupled infrastructure systems (grid-based systems possessing a 
system-specific grid of rails, pipes or wires) for example, traditionally require a high degree of 
coordination. These tend to be led by a single organisation, responsible both for maintaining 
the grid and for operating the flow through it. Loosely coupled systems, tend to be built and 
operated by many different organisations (Perrow,1984). The degree of coupling in a system 
can change over time (Kaijser, 1999, p.6). The nature of steering and coordination in a tightly 
and loosely coupled systems can significantly vary. Co-ordination is particularly important for 
electricity, where real time balancing between supply and demand is required. This means that 
the electricity and gas regulator (Ofgem) and the companies that operate electricity networks 




Analysis of changes and challenges within individual sectors is well established in socio-
technical transitions literature (Geels and Verhees 2011; Penna and Geels 2015; Geels, 2002, 
also Raven and Makkard), while there are still challenges in developing methodologies for 
analysing interdependencies between two or more sectors (Erlinghagen and Markard 2012; 
Watson and Rai 2013; Raven and Verbong 2007; Raven 2007). This paper analyses the 
interactions between the electricity and ICT socio-technical regimes using Raven and 
Verbong’s (2007) interactions typology and Erlinghagen and Markard’s (2012) distinction 
between core actors. We recognise that these typologies may not be exhaustive. Interactions 
will be presented and discussed using a historical analysis that focuses on the main elements 
of socio-technical regimes set out by Geels (2006): rules and institutions; actors and networks; 
and technology, artefacts and infrastructures. These elements are used to anchor the discussion 
of governance, but they are not fully applied. This approach is justified given that the primary 
focus of the paper is on the interactions between these two sectors and their implications for 
governance, rather than on the evolution of each sector.  
The case study uses a combination of primary and secondary data, to enhance validity and 
reliability. The primary data used in this study was collected through semi-structured 
interviews with key stakeholders. These included Low Carbon Network Fund (LCNF) project 
participants, regulatory experts, ICT and electricity company representatives, government 
agencies, governance participants and industry associations. The secondary data analysed 
includes grey literature (policy documents and industry reports) and peer-reviewed academic 
articles. There is a significant amount of information available on the development of the 
electricity and telecoms sectors which we have built on. Secondary data was reviewed to 
provide an overview of the most significant developments within each sector over the past 65 
years, to map interactions between them for the same period, and to guide the formulation of 
interview questions. 
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The term ICT is used throughout the paper for uniformity. However, it is worth noting that this 
term is ambiguous. ICT here refers to both the telecommunications and IT sectors (which could 
be considered as two separate sectors rather than subsectors), and the integration of the two has 
evolved through the three periods of consideration. This definition of ICT is highly 
heterogeneous, with some elements of the so-called ICT infrastructure largely independent of 
each other (e.g. data centres and software service industry). Although telecoms are more asset 
based than software development, each has played a more prominent role at different periods. 
As the two have evolved, so have the boundaries between them changed and blurred in some 
aspects. However, they both play a role in the interactions between the two sectors, and the 
development of smart grids.  
The governance interactions between the electricity and ICT sectors in the UK have taken a 
variety of forms over the past few decades. Hence the historic analysis is divided into three 
distinct time periods, each corresponding to specific dominant governance paradigms (Helm 
2005): 1) State ownership (1940s-1980s) during which utility regimes were characterised by 
state ownership; 2) Privatisation (1980s to 2000) during which most utilities in the UK were 
privatized and utility sectors were liberalised; and 3) Transitions to sustainability (2000-2016). 
Differences between the start of the periods for the electricity and ICT sectors exist, with some 
milestone technologies and activities taking place earlier than the 1940s for example. The third 
period is called ‘Transitions to sustainability’ in recognition of the increased emphasis on 
emissions reduction since the publication of the Royal Commission on Environmental 
Pollution report on energy and climate change in 2000 (RCEP, 2000). The development of the 
ICT sector during this period has not been driven by sustainability concerns to the same extent.  
However, technological advances in software development and growing demand for high speed 
broadband have created opportunities for further application of ICT to help facilitate the 
transition towards a more sustainable electricity (and energy) sector. 
The three periods are discussed in turn in the section below. Each sub-section starts with a more 
sector specific accounts of key developments (in terms of rules and institutions; actors and 
networks; and technology and infrastructures, with key points summarised in tables 1, 2 and 3, 
and continues with an account of the key interactions between the two sectors. 
 
6. Historic account of sector development and interactions of the electricity and ICT 
sectors in the UK: 1940s-2016 
a. State ownership (1940s-1980s) 
After the Second World War, the electricity sector was driven by the need to meet the 
increasing demands of a growing economy (Surrey 1996). Electricity generation, transmission 
and supply was nationalised, and a significant nuclear investment programme was 
implemented during the 1970s and 1980s (Pearson and Watson 2011). By the late 1980s, 
private generation of electricity was almost completely displaced by the public sector (Surrey 
1996). The four elements of electricity sector in the UK (generation, transmission, distribution 
and supply) and their organisations the Central Electricity Generating Board, National Grid, 
10 | P a g e  
 
the 12 Regional Area Boards (all covering England and Wales) and vertically integrated 
companies in Scotland and Northern Ireland were state-owned monopolies. The demand for 
electricity grew significantly in the first few decades of state ownership driven by economic 
growth and an expansion in the use of electricity across the economy. This coincided with the 
introduction of progressively larger power plants and an excess of generation capacity (Sherry 
1984). 
The nationalisation of the telecoms industry took place in 1912, much earlier than the electricity 
sector. During this first period telecoms were a ‘natural monopoly’, with one operator British 
Telecom (BT) having control over the telecoms network and services (Aharoni 1986). The 
focus of the sector was on the delivery of standard telephony services (Interview ICT expert 
2014). However, while the 1960s and 1970s were characterised by over-investment in power 
stations for the electricity sector, there was under-investment in telecoms leading to huge 
waiting lists for new telephone lines as demand increased rapidly. Technology advancements 
were beginning to reduce the capital investment required for entry into the market and the 
prospect of greater competition became feasible (Rutter et al. 2012).  
Table 1. Key developments within the electricity and ICT/telecoms regimes in the period of 
state ownership 
Regime elements Electricity ICT/Telecommunications 
 
Rules and institutions 
State owned, driven by security 
of supply and growing demand; 
expanding capacity and source of 
generation 
Focus on delivery of standard 
telephony services 
 
Actors and networks 
All state-owned monopolies; 
Regional Area Boards and 
vertically integrated companies 
BT a ‘natural monopoly’, with 




Technology, artefacts & 
infrastructures 
Larger power plants; introducing 
nuclear power and excess of 
generation capacity 
Under-investment and growing 
demand (for new telephone lines) 
led to lack of capacity; 
Technology advancements 
reduced capital investment for 
entry into the market and 
increased prospects for greater 
competition 
 
Interactions between electricity and telecommunications sectors in the UK before utility 
privatisation took the form of a symbiotic customer-supplier relationship. Electricity was 
supplied to the telecoms sector, and telecommunication infrastructure enabled the control of 
electricity networks through centralised dispatch boards, regional and national control centres, 
where Supervisory Controls and Data Acquisition (SCADA) systems were widely used. 
Although there were agreements between British Telecom (BT) and local electricity 
distribution companies since the 1950s for the sharing of poles, relatively little pole-sharing 
took place. Poles in the UK tended to only have one use, and there was a lack of provision for 
communications cables on electricity poles (and vice versa) (Rowe 2012). Institutionally, the 
two sectors functioned as separate socio-technical regimes with limited interaction between 
actors, institutions and rules governing them. There were similarities, however, between the 
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two sectors: both were publicly owned, operated as ‘natural monopolies’, and faced growing 
demand for electricity and telecommunications services (Stern 2014). Since the early 1950s 
until their privatisation in the 1980s, the electricity and telecom sectors have been undergoing 
similar structural transitions in terms of their ownership, objectives, management and 
oversight. It is through the privatisation and liberalisation process that big differences between 
the two started to emerge. 
 
b. Privatisation (1980-2000) 
The UK privatisation programme of the 1980s and 1990s brought significant changes to the 
ownership, market rules and institutions in a wide range of sectors, including electricity and 
telecommunications (Rutter et al. 2012). The majority of the electricity sector was privatised 
in 1988/89. As with other sectors, an independent regulator was established: the Office of 
Electricity Regulation (Offer). Its main objectives were to reduce costs, to provide incentives 
for short-term efficiency and to promote competition. In June 1999, Offer was merged with the 
gas regulator, Ofgas, to form the Office of Gas and Electricity Markets (Ofgem). 
In addition to regulating monopoly networks, the regulator also implemented controls on retail 
prices. These were gradually removed by the end of the period as competition was extended to 
household consumers. The regulator’s role continued to change throughout this period – and 
subsequently. Whilst Offer’s focus was on current consumers, Ofgem’s primary duty was 
widened, to include the interests of both existing and future consumers. This was supplemented 
by social and environmental guidance that was designed to ensure that government policy 
objectives were taken into account.  
Innovation has not been explicitly included within Ofgem’s duties, though it has been part of 
more recent social and environmental guidance. As this paper will show, Ofgem actively 
promoted innovation in the third period. During the second period, however, a standard ‘RPI-
X’ formula2 was used to regulate monopoly network charges, which had a negative effect on 
innovation and R&D (Bolton and Foxon 2011). Previously high levels of investment under 
state control allowed companies to ‘sweat the assets’, and to deliver significant efficiency 
savings via increasingly stringent price controls (Helm 2009). The companies that inherited 
network assets therefore lacked an incentive to invest or to innovate. 
Table 2. Key developments within the electricity and ICT/telecoms regimes in the period of 
Privatisation 




Economic regulator (Offer) and a 
regulatory (RPI-X) formula 
introduced; 
Economic regulator (Oftel) and a 
regulatory (RPI-X) formula, 
                                                          
2 RPI-X is a price cap approach which limits price increases to the rate of inflation (Retail Price Index) minus an 
efficiency factor (X). Thus, the higher the value of X, the more efficiency gains the DNO has to make before 
they can see a return. The value of X has been determined by the regulator for every price control period. For 
more details, see Hall and Foxon (2014). 




Rules and institutions 
Progressive tightening up of 
price controls;   
Attempts to increase competition 
in generation and retail;  
Growing importance of 
environmental regulation; 
Introduction of an integrated 
pollution control agency (HMIP) 
and later on of the Environmental 
Agency 
along with a price cap was 
introduced; 
Rapid increase of competition;  
Regulation closely aligned with 
national and EU competition 
policy 
Actors and networks Large private utility companies; BT and private licence holders  
 
Technology, artefacts & 
infrastructures 
Decreasing investment in 
electricity networks; 
Preference for the construction of 
large gas-fired power plants 
The communication and the 
information technology sectors 
converged and the ICT sector 
emerged  
 
The British Telecommunications Act 1981 paved the way for the privatisation of BT and 
enabled the licencing of other operators to run telecommunication systems. Following the 
Littlechild Report the telecoms sector was also regulated through the RPI-X formula, and a 
price cap on retail tariffs (Mirrlees-Black 2004). As noted above, this RPI-X formula was 
subsequently applied to other sectors, including electricity (a case of regulatory spill-over). 
This was a period of big financial, technological and regulatory transformation for the sector. 
In the space of a few years the telecommunications sector transformed from a natural 
monopoly, to a fast growing and competitive sector, where innovation was increasingly 
profitable, with short periods of return (Interview ICT expert 2014).  
A key similarity of the two sectors was the importance placed on competition and privatisation. 
In practical terms for telecoms, this involved the creation of a challenger to BT (Mercury was 
set up in 1982) and a duopoly model introduced in 1983 that limited the number of long-
distance fixed link operators to BT and Mercury for seven years. In the electricity sector this 
involved the creation of competition in generation by breaking up the incumbents and 
progressively opening up the retail market by ending franchises of regional electricity 
companies. 
The differences between the electricity and ICT sectors had significant impacts on the 
development of both sectors. While in the case of the electricity sector it reduced the impetus 
for infrastructure investment and introduced stringent economic regulation. In the case of the 
ICT sector it created an impetus for innovation and infrastructure investment, opening up the 
UK to international investment. As a result the ICT sector was driven by market forces to a 
larger extent, offering more opportunities for entry to the market and for quicker financial profit 
(Interview ICT expert 2014).  
Over this period electricity transmission, distribution and supply companies started using 
communications technologies more than before in operating and controlling their networks, 
strengthening the symbiotic interactions between the two sectors. Partial integration between 
the two was facilitated by the sharing of infrastructures likes poles and transmission and to a 
lesser extent transmission lines. Since the 1980s fibre-optic communications cables were laid 
over some of the bigger transmission lines to provide connections between major sub-stations 
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and control centres. SkyWrap is a process that has been used since 1982 to install fibre-optic 
cables onto power transmission lines by wrapping it securely onto one of the power conductors. 
Since then several other technologies have become available to add fibre-optic cables to 
transmission and distribution power lines: ADSS, OPPC and AccessWrap. The different 
technologies vary in the extent to which they require cooperation between electricity and 
telecoms companies in their maintenance. The integration was partial because although there 
was partial integration at the technology level, on the actor level, DNOs and BT continued to 
have separate ways of organising and using the infrastructure. For example, all overhead 
electricity distribution poles in the UK are owned by DNOs and they are responsible for 
maintaining them. British Telecom also own poles. Most DNOs have fibre installed for their 
own SCADA and protection circuits but this tends to be limited to HV pylons (Rowe, 2012). 
Energis Communications Limited (Energis), was set up in 1992 as Telecom Electric as a result 
of a demerger from the UK's National Grid Company to provide telephony services, e-mail and 
internet access, using an optical fibre network, partially deployed via the overhead power 
transmission network of the grid. Energis provided a number of services based around its core 
platforms of ISP, Transmission, IP Networking, Contact Centre Solutions and Voice 
(traditional switched telephony) (Rowe 2012). It introduced the latest at the time technology - 
synchronous digital hierarchy (SDH) to the telecoms network (Warner 1997), thus directly 
competing with BT in the provision of voice services and increasing the variety of services 
provided within the telecoms sector. 
 
c. Transitions to sustainability (2000-2016) 
This period was characterised by significant policy and technological change. Environmental 
concerns, particularly with respect to climate change, gained prominence in the electricity 
sector at EU and national level. This was joined by renewed concerns about energy security in 
the mid-2000s. Overall renewable electricity capacity increased dramatically between 2000 
and 2014 from 3GW to 24.2GW respectively (DECC 2015), through the introduction of several 
support mechanisms like Renewables Obligation (RO); and targets to source 10% of UK 
electricity from renewables by 2010 and 15% of UK overall energy from renewables by 2020 
(Pearson and Watson 2011), and the introduction of a Feed-in-Tariff (FIT) scheme for small-
scale renewable installations (of less than 5MW) such as solar photovoltaics (PV) (DECC 
2012). Energy efficiency policy was also given more emphasis, for example through the 
introduction of successive obligations on energy suppliers. 
Table 3. Key developments within the electricity and ICT/telecoms regimes in the period of 
Transitions to sustainability 
Regime elements Electricity ICT/Telecommunications 
 
 
Rules and institutions 
Increased prominence of climate 
change and energy security 
concerns; 
Long-term targets for the 
reduction of GHGs introduced; 
New ICT economic regulator 
(Ofcom) with more hand-off 
approach; 
Introduction of Digital Economy 
policy 
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Actors and networks 
Ofgem’s remit widened to 
include the interests of future and 
current consumers; 
A joint energy and climate 
change department (DECC) was 
established;  
Ofgem introduced two regulatory 
“add-ons”: IFI and RPZ; 
Opportunities for new small and 
large companies to enter the 
market;  
Venture capitalists started 
investing in ICT companies;  
Establishment of digital catapult 
centres nationwide; 
 
Technology, artefacts & 
infrastructures 
Increased RES installations and 
capacity 
Introduction of mobiles and 
internet; 
Mass rollout of broadband;  
3G and 4G introduced  
 
The ICT sector has also undergone dramatic changes as a consequence of market reforms and 
technological progress (Corrocher 2003; Erlinghagen and Markard 2012). Following 
liberalization value chains were re-organised, business models changed dramatically and many 
new actors entered the market (Li and Whalley 2002; Hacklin et al. 2009). In contrast to the 
electricity regulator, the ICT regulator Ofcom (which replaced Oftel in 2002) had a more 
hands-off approach in attempt to enable more competition in the market (OECD 2002; 
Interview ICT expert, 2015). The mass rollout of broadband, as per EU and national policy, in 
turn enabled higher rates of innovation and ICT companies became attuned to new business 
opportunities outside of the ICT sector (Nicholls-Nixon and Jasinski 1995), like smart grids 
(Erlinghagen and Markard 2012; Interview ICT expert, 2015).  
The expansion of internet products and services also had a huge impact on the ICT sector 
globally and in the UK, transforming the way ICT companies operate and finance innovation. 
Venture capital became used to financing ICT innovation because of the quick returns of 
investments (Interview ICT expert 2014), while the UK government began investing in the 
digital economy, with the introduction of the Digital Economy Act 2010 and the establishment 
of multiple catapult centres nationwide since 2013. However, the internet is still not defined as 
a utility service, severely limiting opportunities for the regulation of ICT sector.  
Interactions between the two sectors increased significantly during this period. Integration 
became much more important, prompted by high-level policy goals such as climate change 
mitigation and advances in ICTs. ICTs began to be discussed as an important component of 
more sustainable electricity systems, particularly smarter electricity networks that balance 
supply and demand more actively, including the integration of smarter meters and electric 
vehicles. Electricity infrastructure became more dependent on ICTs, particularly within 
generation and transmission, but also in metering and billing. ICTs were also seen as 
increasingly important for integrating renewable energy generation sources into the grid and 
for balancing international energy flows (Wissner 2011). Developments in integrated 
electronic circuits, control systems, and ICTs significantly improved the functionality of 
advanced metering and demand response technologies (Siano 2014). During this period the 
electricity sector started digitising traditionally isolated energy network control systems and 
connecting previously isolated operational networks and IT systems (New Power 2014). 
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Key components of smart grids that advanced in technological terms during this period include 
smart meters. The UK government is implementing a national programme to replace all 
electricity and gas meters (in domestic and non-domestic sites) with smart meters. The aim is 
to complete this by 2020, though the pace of installation has been slow. There are now over 11 
million smart and advanced meters operating across homes and businesses in the UK (BEIS, 
2018).  Such meters can enable more accurate billing, real-time feedback to consumers as well 
as electricity contracts that include time-of-day pricing. They could also enable remote control 
of consumer appliances to allow the cost-effective scheduling of non-time-critical loads (Siano 
2014).  
This period is also characterised by a number of institutional changes to increase collaboration 
between actors involved in smarter grid developments. The Smart Grid Forum (SGF) was 
created by the government and Ofgem in 2011 to focus on the development of smart grids, and 
to build on the work of another public-private body, the Electricity Network Strategy Group 
(ENSG) in 2009. The Forum aimed to address commercial and technical changes and the 
barriers the network companies faced in implementing smart grids in the UK, and to improve 
co-ordination between the firms and government agencies involved (Connor at el. 2014). 
Although the Forum brought together a broader range of stakeholders, its membership is 
oriented towards the electricity sector, and includes lower representation from the ICT sector, 
and thus can be considered a limited form of soft integration between the two sectors.  
Whilst Ofcom has not been formally involved in these groups, it has started to analyse the 
implications of the greater integration of ICTs into other sectors through emerging technologies 
such as the ‘Internet of Things’ (IoT) (Ofcom 2015). The IoT can enable previously 
unconnected devices to communicate and share data and as such can be considered as a form 
of hard integration between the two sectors. By the end of 2016 there were more than 13million 
devices connected via the IoT within the UK and are said to increase to over 150 million by 
2024 with the progress of smart meters roll out (Ofcom, 2017). 
This greater emphasis on smarter electricity systems has also included significant new 
incentives for technology demonstration and deployment. Most notably, Ofgem introduced 
specific incentives for network innovation and smart grid demonstration projects, starting with 
the 4th Distribution Price Control Review (DPCR4) that ran from 2005-2010. Prior to this, 
distribution network operators had almost stopped conducting their own R&D and had reduced 
their innovation capacity steadily since privatisation (Lockwood 2015). 
As part of DPCR4, Ofgem introduced two regulatory “add-ons” to build innovation capacity 
in DNOs: the Innovation Funding Incentive (IFI) and Registered Power Zones (RPZ) in 2005. 
RPZs encouraged the development of bounded networks, through offering additional revenue 
to DNOs, whilst IFI projects aimed to enhance the technical development and management of 
distribution networks. In 2006, the IFI was extended to the end of DPCR5 (2010-15). The 
introduction of RPZ and IFI was considered to be an important first step by Ofgem in 
introducing greater levels of distributed generation, intermittent generation, smart meters, other 
smart energy technology and demand response, which are constitutive aspects of smart grids 
(Hall and Foxon 2014). IFI rapidly increased the levels of innovation spending by DNOs over 
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a relatively short period of time (Interview Electricity Network Innovation expert 2014; 
Interview ICT expert 2014). 
A much more ambitious smarter grid demonstration programme – the Low Carbon Networks 
Fund (LCNF) - was introduced in 2010. This Fund allowed DNOs to spend up to £500m of 
consumers’ money over the five-year period of DPCR5. Its main aim was to help DNOs 
become more commercially and technically innovative (Interview Regulatory expert 1, 2014). 
So far, the LCNF has supported two tiers of projects: smaller projects in Tier 1 and larger 
‘flagship’ projects in Tier 2. Tier 1 (a total of 41) projects are for a maximum of three years 
and cover trialling new equipment, arrangement, application or operational practice with direct 
impact on the distribution system. Tier 2 (a total of 23) projects have a more stringent and 
complex selection procedure, and cover automated network management, flexible connection 
contracts, demand side response and commercial arrangements.  
This process was followed by changes to regulatory incentives that moved away from 
efficiency incentives and towards more long-term, output-oriented innovation (Müller 2011). 
Ofgem replaced the RPI-X system with a system known as RIIO (which stands for Revenue = 
Incentives + Innovation + Outputs). A key feature of RIIO is to promote more efficient capital 
expenditure by extending the regulatory period from 5 to 8 years, and to directly reward 
companies that “successfully implement new commercial and charging arrangements” through 
a range of new measures like the Network Innovation Competition, the Network Innovation 
Allowance and the Innovation Roll-Out Mechanism. This has also introduced the potential of 
a new array of actors and mandates for existing ones, such as aggregators, that could emerge 
with a more distributed electricity system (for more details see Bell and Gill, 2018). 
 
7. Governance arrangements and interactions 
In line with the dominant regime logic during the first period the key regime actors were state-
centric and network and utility incumbents exercised monopoly over the mobilisation of 
existing infrastructure and resources. Symbiotic interactions between the two sectors were 
mostly the result of operating decisions aimed to facilitate coverage of the services and were 
focused on technologies and access. 
In the second period symbiotic interactions were driven by expansion of operational and market 
capacities. The second period saw the introduction of a number of new entrants, private (mostly 
large international companies) or companies which have emerged from privatised monopolies, 
such as BT. In this sense, regime incumbents still retained significant power both in the 
electricity and telecoms markets and in terms of regulation. Competition between the two 
regimes was limited to the provisions of voice and data services (between BT and Energis) and 
contributed to the increased variety of available services and technologies. However, BT’s 
strong monopoly position meant that Energis could not overtake or substitute it in the telecoms 
sector.  
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As shown in Table 4, during this period interactions between the two sectors developed further, 
involving regulatory and market frameworks for operation. Interactions during the periods of 
privatisation and transitions to sustainability included spill-overs – the transfer of knowledge 
and routines – mainly from the ICT to the electricity sector in the context of smart grids 
technologies and services. In line with the dominant regime logic (Pierre and Peters 2000), 
economic regulation and market mechanisms were instrumental for steering the two sectors 
and the interactions between them, opening up opportunities for competition between the two 
sectors. Steering was output-oriented and governance was coordinated through overarching 
political values of choice, competition and efficiency in public services, with the objective of 
market creation (Heinelt 2008). During this period, monopoly infrastructures, such as 
electricity and telephone cables, were opened up to some extent through unbundling and 
liberalisation, creating more opportunities for interaction between the two sectors. Growing 
UK and EU environmental regulation, introduced a new institutional layer in the second period 
which in turn introduced changes to the electricity sector and created more opportunities for 
interaction between the two. This trend continued into the third period and was mobilised by 
concerns about climate change and the need to reduce carbon emissions.  
Although the RPI-X formula was initially developed and tried in the telecoms sector, during 
the second period, and applied in the electricity sector, this was not due to what Kaijser calls 
the (1999) paradigmatic nature of the former. In fact, this was one of many ‘transfers’ of basic 
institutional characteristics between multiple sectors which took place during the second 
period. Although, both sectors shared the same formula, there were significant differences in 
the way in which it was applied. In the electricity sector the formula covered transmission and 
distribution, while in the ICT sector it was applied to mobile activities, with the exclusion of 
internet services. This in turn led to significant difference between the two sectors, with 
implications for innovation. 
Table 4. Summary of interactions between the electricity and ICT sectors from 1950s until 
2015 






Energis and BT in voice 
and digital service 
provision 
Energis and BT in voice 




Electricity for telecoms; 
telecoms for electricity  
Intensified symbiotic 
activities 




arrangements for pole 






ordination of actors, 









From ICT to electricity: 
technology and software  
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Throughout the three periods of analysis there is a consistent symbiotic relationship between 
electricity and ICT, which strengthened the ties between the two regimes, especially in terms 
of technology, resulting in a specific strand of innovation activities dedicated to the 
development of smart grids. It can also be argued that the prolonged symbiosis between the 
two regimes has resulted in their mutual dependency. While in the first and second periods the 
two sectors are co-existing, in the third period they start to integrate. 
In the third period we see a recognition at national and firm level, of the existing symbiotic 
interactions between the two and increase of governance actions to build on them. Economic 
regulation continued as a primary steering mechanism of governance within and between the 
two sectors. A wider variety and size of firms entered both markets and the state took an active 
role in steering infrastructure policy towards closer interactions between the two sectors. 
However, the governance of the two sectors still remained largely siloed due to the distinct 
logics of the two economic regulators: Ofgem and Ofcom.  While the economic regulatory for 
electricity (Ofgem) exercised extensive oversight of many elements of the electricity regime, 
the ICT sector was predominantly steered through market mechanisms, with Ofcom played a 
more limited role. The government also had a large influence over the direction of both sectors 
– for example through the introduction of Electricity Market Reform in 2013. These differences 
in governance structures within the two sectors ultimately played a big role in shaping the 
opportunities and the nature of their interactions.  
Strategic capacities of the state to make policy also played a big role in this period through the 
introduction of digital economy and climate change policy, and an array of supporting 
mechanisms for their development, such as digital and urban catapult centres. This period also 
saw the development of new ‘softer’ instruments of New Governance for interactions between 
the two sectors through networks like the SGF and the ENSG, and partnerships, like those 
developed within the LCNF.  
In the third period, while technological integration between the two sectors strengthens, a 
distinct characteristic is the development of institutional frameworks (agencies, working 
groups and networks) designed to facilitate governance interactions between the two sectors. 
Examples include the Smart Grid Forum, the UK Regulators Network (UKRN) and the 
Electricity Networks Strategy Group. This points to a progression of developing multi-
dimensional (technological, market and institutional) interactions between electricity and ICT, 
and a slow process of adaptation. If this trend continues, the development of smart grids in the 
UK could be a story of gradual change rather than radical innovation and realising the potential 
of smart grids depends on the extent to which the pace of change can be increased to enable 
further spill overs and integration, both at technological and institutional level. 
Overall, the final period provides a much richer range of interactions, and integration on the 
actors and network level through smart grid groups and in terms of technologies such as smart 
meters and IoT. Most literature on smart grids places the electricity sector at the centre of 
analysis. For example, Erlinghagen and Markard (2012) refer to the electricity sector as the 
focal sector, established electricity distribution companies as incumbents, and ICT companies 
which offer smart grid solutions as adjacent. However, some argue that the ICT layer of smart 
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grids constitutes as much as 70% of the smart grid infrastructure due to the need for computing 
platforms, operational systems, business applications and business services (Lima 2011; 
Interview ICT expert 3). This was also reflected in the make-up of most smart grid innovation 
‘Tier 2’ projects funded by the LCNF (Interview ICT experts 1 and 2, 2014). Similarly, the 
institutional actors and networks mobilised for the development of smart grid innovations in 
the UK, such as the DNOs and the SGF were anchored in the electricity sector and were closely 
linked to electricity incumbents (such as the National Grid).    
The historical analysis shows that integration between the two sectors is relatively recent and 
so far involves a handful of technologies and processes. These include specific pilot and 
demonstration projects through schemes such as the LCNF and the smart meter roll out, both 
of which have been anchored in the electricity sector. This, along with the different roles played 
by economic regulation in both sectors, has been reflected in technological interactions 
between the two.  In technical terms, the integration of ICT infrastructure into power systems 
has mostly been carried out using a layering approach. This involves adding the ICT 
infrastructure once the electrical infrastructure is already built, with the two infrastructures 
planned almost independently (Hadjsaid et al. 2011).  
 
8. Implications for innovation towards smart grid development in the UK  
Building on the historical analysis of governance arrangements and interactions between the 
electricity and ICT sectors, we identify two important relationships that have shaped the 
development of smart grids in the UK so far: economic regulation and innovation; and the 
relationship between incumbents and new entrant firms. 
a. Economic regulation and innovation  
The discussion so far made clear the central role of the electricity sector in the development of 
smart grids in the UK and the importance of economic regulation and the RPI-X formula as 
key steering mechanisms. During the first 20 years after privatisation, there was a primary 
focus in the application of this formula on short term cost reduction and operational efficiency. 
Until recently, the income of DNOs has been linked to the expenditure they are allowed by the 
regulator to invest in their networks, set every five years in a distribution price control review 
(DPCR). This led to diminished incentives for innovation and investment in R&D programmes 
in the sector (Jones and Yarrow 2010; Lockwood 2016). The regulatory framework was 
designed to ‘sweat the assets’ and reduce day-to-day operational costs (OPEX), providing 
network companies with a skewed incentive to solve network performance or constraint 
problems through reinforcing their networks and expanding their asset base (Bolton and Foxon, 
2015). 
As Peters (2001) argues, steering mechanisms or other governance instruments are not neutral, 
and may have secondary consequences spanning beyond the targets of a given program or 
policy (Hood 2007). This is evident in the case of steering through economic regulation for the 
electricity sector, which led to a sharp reduction in R&D by the DNOs. Some industry 
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representatives argue that the economic regulation fostered an environment that was not 
tolerant towards experimentation and failure, and one which favours established technologies, 
and small incremental change in network systems. They note that it also made DNOs less 
capable of innovating. Although DNOs have established innovation teams and future 
technology groups as a result of more recent regulatory incentives, they are relatively small 
and linked to specific projects (Interview Electricity Network Innovation expert 2014; 
Interview ICT expert 2014). 
This, in turn, has led to limited use of and investment in more active network management 
(ANM) and smart grid development so far (Interview Electricity Network Innovation expert 
2014; Interview ICT expert 2014). The regulation of DNO activities has been identified as a 
significant barrier to the development of ANM (Bolton and Foxon 2015). The positive views 
about the impact of the LCNF is that it has provided a significant reputational incentive for 
DNOs to be involved (Interview Regulatory expert 2014; Interview DNO representative 2014) 
and to make changes to their business operations. Ofgem sees the strongest evidence for that 
change in the fast track submissions for the DNOs business plans for the next Price Control 
Period (DPCR6), as all DNOs have submitted actual savings to the cost of network 
reinforcement from trials on automated network management and demand side response 
(Interview Regulatory expert 2014). 
A recent review of the LCNF by Bell et al (2016) provides further detailed context for these 
views. The review shows that there has been mixed success in the adoption of new innovations 
trialled through LCNF in ‘business as usual’ practice by DNOs. Nevertheless, it concludes that 
‘much useful knowledge has been generated by the projects supported by the LCNF’; and that 
‘compared with the situation before IFI and LCNF, the DNOs are considerably more active in 
R, &D and open to innovation’ (Bell et al, 2016: xviii).  
 
b. Incumbents and new entrants 
The unintended consequences of economic regulation which have led to a disconnect  between 
the characteristics of smart grid innovation (i.e. ICT led) and the opportunities for its 
application (i.e. in the electricity sector) are closely linked to the role of incumbents and new 
entrants in smart grid development. As a tightly coupled infrastructure system, electricity is in 
need of a high degree of coordination. In the second and third periods coordination within the 
sector and with the ICT sector has been dominated by economic regulators and incumbent firms 
such as DNOs and the ‘Big Six’ vertically integrated utilities, despite some erosion of their 
market share in the past four years (Lockwood and Eyre 2016). Incumbents are expected to 
drive innovation within the framework of economic regulation.  
In contrast, the ICT sector can be thought of as a loosely coupled system built and operated by 
many different organisations, with the economic regulator Ofcom, just one of many actors, 
whose mandate is limited to certain segments of the sector. Despite BT’s dominance in areas 
linked to existing broadband and telephone connections, new entrants are expected to drive 
innovation within markets. The existing community of start-ups in electricity network 
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innovation is relatively small, particularly in the application of ICTs to networks. Access to the 
DNOs for small and medium ICT companies is difficult and joining innovation projects such 
as LCNF is one of the few opportunities for these companies to work with DNOs. A key barrier 
to participation involves the softer New Governance mechanisms of developing electricity 
focused networks and partnerships, and well as informal and formal everyday rules and terms 
of operation. At the time of data collection, all but one DNO, were using GE’s software tools 
for network management. As one interviewee from the ICT sector stated, DNO procurement 
officers tend to take the view that “The answer is GE. What is the question?” (Interview ICT 
expert 2014). These practices are in line with Erlinghagen and Markard’s (2012) claim that 
incumbent ICT firms dominate smart grid innovation. 
 
9. Conclusion: interactions, governance and innovation  
Overall, the interactions between the two sectors have been predominantly symbiotic but 
competing priorities between them and differences in regulation have resulted in significant 
transaction costs of working together. Although there has been more coordination between 
regimes through the establishment of joint organisations like the government-industry SGF, 
DNOs have had more influence than ICT companies within these organisations. Cross-cutting 
institutions have not overcome the fundamental barriers to integration.  
This has led to some integration between the two sectors, where innovative technology from 
the ‘outside’, adjacent ICT sector can lead to transformation of the incumbent electricity sector 
(Dolata 2009). A closer integration, would see actors moving across sectoral boundaries to 
exploit existing technological resources (Nicholls-Nixon and Jasinski 1995) to create new 
services and process, leading to sectoral transformation (Erlinghagen and Markard 2012). 
However, what we see in the third period is the establishment of the electricity sector as a focal 
sector for smart grid development, without the transfer of basic institutional characteristics 
from it to the adjacent ICT sector and vice versa, thus falling short of becoming a paradigmatic 
system as understood by Kaijser (1999). The application of ICT innovations to the incumbent 
electricity sector have been limited by the dominant electricity sector governance arrangements 
of steering and coordination. The nature of the LCNF and the layered technical integrations 
between the two sectors do not challenge the existing dominant mechanisms of governance, of 
steering through economic regulation, or reconciling the big differences between them. In this 
sense we can argue that the soft, institutional side of the incumbent sector is shaping the 
opportunities for interactions with the adjacent ICT sector. This suggest that with the current 
governance arrangements, despite ambitions for smart grid development driven by climate 
change concerns, the electricity and ICT sectors could continue to develop in largely siloed 
trajectories.  
Apart from the application of the RPI-X formula in electricity network regulation in the second 
period, spill-overs have tended to come from the ICT sector to the electricity sector through 
the use of ICT platforms, processes and technology by DNOs. This is because DNOs have 
received most of the government funding for smart grid innovation and are best represented in 
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relevant governance structures. It is likely that this will continue to have an effect on the 
innovation capabilities of the UK in developing smart grids, the speed with which such 
capabilities can be developed as well as the type of smart grid projects that emerge.  
The analysis of the interactions between the two sectors shows that multi-regime dynamics can 
both create barriers as well as opportunities for innovation, in line with Raven and Verbong’s 
(2007) findings. Raven and Verbong’ (2007) typology is useful as a starting point in 
investigating the multiform interactions between the two sectors. However, the discussion of 
dominant governance mechanisms characteristic of specific regimes and periods in time, 
allowed us to better understand the barriers and drivers of cross-sector interactions. In the third 
period we see that governance arrangements in the incumbent sector (electricity) act as barriers 
to innovation and can limit the scope and speed of spill over from the ICT to the electricity 
sector. The power dynamics between incumbent and adjacent sectors, as presented by 
Erlinghagen and Markard (2012) and the discussion of paradigmatic systems by Kaijser (1999) 
helped us understand why despite growing technical transfers (i.e. ICT innovations into the 
electricity sector) and cross-sector institutions smart grid development in the UK isn’t more 
advanced.    
These findings highlight the value of historical analysis to inform the development of further 
policy and regulatory reforms seeking to improve cross-sectoral integration. For the case of 
smarter electricity grids, they emphasise the importance of understanding the socio-technical 
elements (rules and institutions, actors and networks, and technology) within different sectors, 
the interactions between them, and how they can act as enablers of (or barriers to) change. A 
way to encourage more spill-overs and integration between the electricity and the ICT sector 
is through a more symmetrical and integrated governance approach that is takes into account 
the needs and characteristics of both sectors.  
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